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XXIII. A Letter from the Ho/wuraMe Bei:^ j AMin Lincoxn,, 
Efji F. A, A, to the MonouraMe Jamzs Warren, £/^- 
F. A. A. relating to the ingrafting of Fruit-Threes y.and the 
Growth of Vegetables ,-. inclofmg the Ohfervations of his- 
Friend on the Gromth of Threes domnward after the firft Tear,. 

Hingho-m,. November 3,. 1780. 
My dear Sir,, 

I TAKE this early opportunity, agreeable to my promife,, 
to enclofe yoU' the fentiments of my friend, on grafting, 
the growth of plants, trees,. 6cc, Thefe were given on a conver- 
htion which arofe on my mentioning, that I had obferved, for 
a number of years, an apple-tree in my orchard, the natural 
fruit of which was early, having been grafted with a winter 
cyon, producing fruit very like in appearance to the fruit pro- 
duced by the tree whence the cyon was taken, but deftitute of 
thofe qualities inherent in that fruit, and necefiliry to its keep- 
ing through the winter. This led me to call in queftion the 
propriety of grafting winter fruit on a fummer ftock, and to 
cnquiee, whether tlae ftock through which, I fuppofed, the 
food palTed to the cyon,. and by which it was fitted properly to 
nourifh the helplefs and newly adopted branch, would not ra- 
iher affimulate that, than- that the cyon could,, thus fed, retaia 
fill the qualities of its parent fbock. 

I am fenfible that there ^e objedions tO' this newfyftem j 
and, perhapSj difficulties may be raifed to it, which cannot be 
obviated. — But, as this may arife either from the erroneoufnefs 
of the dodrine itfelf, or from the want of knowledge in the 
principles gf vegetation, I think it flwuld not be adopied or 
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rejafled without the fuilcft enquiry ; and efpecially, fince a know- 
ledge of the laws of vegetation is one of the moil interefling mat- 
ters which can be the fubjed: of difcuffign : for on vegetation 
depends our being ; and in the iame proportion as we obtain a 
knowledge thereof, and pradife on that knowledge, in that 
proportion is our well-being promoted. That cultivation pro- 
motes vegetation, I think, none will deny : for furely the earth, 
Ipontaneoufly, gives us but a bare fubfiftence. The reafons af- 
figned, why the earth did not more early bear fruit, were, be- 
caufe there was no rain on the earthy and becaufe thers was no 
man to till the ground. — The neceflity of which feems to have 
produced one of the firfi decrees from heaven to man, evert while 
he was in Rden^ furrounded with all the bleffings thereof, 
that he (hould drefs the garden. Whether tilling and dreffing 
the earth fo prepares its parts that they became proper food for the 
plant, and thereby promote vegetation -, — whether, by tilHng and 
dreiling, the land is fitted properly to receive the rays of the 
fun, and to receive and retain a fuitable quantity of water, with 
which food for the plant is fuppofed, by fome, to fall ; — or 
whether, by tilling and drefling, the land does really partake 
of more particles neceffary to vegetation, and fo attrads like 
particles floating in the air, as fimilar bodies attract each other, 
?nd fo light on, and feed the plant in their fall, or do reft on 
the earth, are abforbed by the roots, and thence conveyed thro' 
the whole plant, are queftions which can, I think, be deter- 
mined with more eafe and greater certainty when the principles 
of vegetation are fully afcertained. 

Pleafe to favour me with the refult of your enquiries on thefe 
matters, and it will much oblige him who has the honour to 
be, &c. B. L I N C O L N. 

Hon. Gen. Warren, THE 



g90 .- Ohfervations on the Growth of ^rets 

THE idea has univerllilly obtained, that T'rees grow from 
the root upwards. But perhaps it may appear probable, from 
the following confiderations, that Threes, from the frji year, 
grow from the top downwards. 

The growth of annual plants feems to 1)6 the mere -expand- 
ing of the parts contained in the feed, or bulb, which is a more 
perfed and full grown (ttdt., differing but little from what is 
commonly called feed. Of this, the bulb of a tulip is the bell 
example, as the parts are vilible without the help of glaffes. 
Upon removing the feveral coats of the bulb, each of which 
are the fupport of a leaf, in the center of it, a large flower, 
near half an inch in length, will be found, and, in thicknefs, 
as large as a rye-ftraw j in which the petals, flile, filaments 
and buttons are fully formed, and perfed: in every refped but 
fize and colour. The lower leaf of the plant, which, within 
-the bulb, covers all the reft, fwells and expands firft : then the 
next above fwells and expands j and fo on, until the whole are 
expanded : after which, the ftalk rifes, the flower fwells and 
opens, and its beautiful colours are feparated and exhibited to 
the eye. In this growth the bulb is entirely wafted, except 
only the fine fkin that covered each fquamina, which remains 
much thinner than white paper. In the center of the bulb, 
•below the leaves and adhering to the ftalk, may be feen a rery 
.finall bulb, much lefs than the feeds of the plant. This bulb 
is, however, increafed with the growth of the leaves, until it 
becomes of the fize of the parent bulb : and when the ftalk, 
the leaves and fibrous roots decay and dry up, this new bulb 
remains, in the place of the old one, capable of a like growth 
the next year, 
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The firft year's growth of a tree, like that of plants, is the 
mere expanfion of the parts contained within the feed, fo far 
as thofe parts are fitted for growth ; and being expanded, the 
wood formed has no further growth, in any dirediion, but re- 
mains of the fame fize until it decays. Each leaf which grows 
on the firft year's fhoot, as well as thofe of fucceeding years, 
has annexed to it, immediately above its ftem, an embryo bud, 
which is nourifhed and fitted to grow the following year, and 
to become a branch of the future tree. The leaf having per- 
formed its maternal duty, falls to the ground, and manures the 
tree from whence it fell. 

The wood of thefc faplings of a year, is uniformly of one 
texture j but the wood of the next year is feparated from it by a 
circular line, which remains as long as the wood lafts. Every 
fucceeding year is diftinguifhed in the fame manner ; fo that by 
cutting the tree on one fide, from the circumference to the cen- 
ter, and counting thofe circles, you may afcertain its age. 

And one of the main queftions, arifing in the confideration of 
this fubjedl, is, how are thefe annual additional circles of wood 
formed ? Are they formed by the filling and expanding of 
, fibres, which, too fmall for the obfervatlon of our fenfes, lie 
between the bark and the tree ? or are they new fibres (liooting 
either from below or from above .? It appears, by examining 
the wounds of trees, that the wood being once feparated never 
heals up and grows together. — The new wood grows over, and 
covers the wound ; but the feparated vefTels never unite again : 
therefore, if the t^'g't of a knife be pafled tranfverfely thro' the 
bark half roundafapling, and thofe fuppofed extreme fine veflels 
were cut off, that fide of the tree ought to ceafe growing, and 
the buds above it perilh. But the fait is otherwife : for, cover 
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the wound fb as the air may be prevented from carrying ofFthe 
moifture, which, when uncovered, flows from the wound, the 
buds above will grow nearly as well as if the wound was not 
made. To fuppofe that new veflels, formed at the root, afcend, 
and feeking the buds, by pafling round the incifion, im- 
mediately find them, is too ludicrous an obj,e£tion to be feri- 
oufly noticed. Let us, then, confider the buds which are 
formed in the bofom of every leaf. 

One ef thofe buds, rended from its parent plant, and inferted 
in the bark of another tree of the fame genius, will grow as well 
as if it had been continued where nature placed it, and become 
a compleat tree. Here, at leaft, there is a certainty, that there 
are no fibres calculated to fupport it, yet it will grow ; and the 
whole tree, above the infertion in the ilock, thus ipringing 
from a fofter-bud, is exadly of the fame nature in all refpefts, 
and produces the fame fruit as the tree from which the bud 
was taken. This is the wonderful circumftance, which, 
though often attempted, has never been clearly accounted for. 
We fhall proceed to enquire, then, how buds inferted in fo- 
reign Hocks attain their growth. 

When a bud is bro't into contad with the ftock, and the bark 
of the ftock pafTed round and upon the bark laid in with the bud, 
the fap very quickly forms a gum, which glues them together, 
and flops the mouths of thofe veflels which had been torn by 
feparating the bark and bud from the parent tree. Whoever 
^examines the fad, muft be convinced, that the bud, thus laid 
in, never has any further adherence to the ftock j but remains, 
during the life of it, liable to be feparated from it by diflblving 
that gum J and, from this circumftance, the fize and fliape of 
iJie wood, or bark, laid in with the bud, piay be plainly difco- 
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vered many years after its infertion. Here the communicatioa 
between the ftock and the bud is deftroyed : for, if the fap 
penetrated this gum, it would diffolve it, and the bud would 
fall off ; and there can certainly no fibres be fent from the root 
to feed a bud, which nature had not placed there. Nothing 
but experiment could induce a belief, that a bud, thus fituated, 
would grow, become a tree, bloilbm and bear fruit. Let us 
fee how buds grow in the fituation affigned them by nature. 

The largenefs of the bud, and the freedom with which k 
(hoots, renders the peach-tree a prof«r fubjed: of this enquiry. 
Early in the fpring, when the bud firft begins to fwell, we fhall 
find one or more fibres /hooting from it downward. Thefc 
fibres are fo large, below the bud, as apparently to fwell the 
bark, and on removing the bark the fibres may be plainly feen 
by the naked eye. Whoever carefully examines this faft, will 
fcarcely doubt that this is really the manner in which buds be- 
gin to grow. Inoculations having the fame power of fending 
out fibres from themfelves as buds, in their natural fituations, 
need no nourifhment from the ftock on which they are fixed ; 
but it becomes the queflion, from whence is their nourilhment 
derived ? 

A curious yellow carnation, prefented to a gentleman at Lan^ 
cajier, in the year 1778, being tranfplarited very early in the 
fpring, and the weather proving very cold, he was obliged to 
take it into the houfe, and keep it in a room where fire was 
kept. Notwithftanding his utmoft care in keeping the earth 
well watered, the plant dechned, the leaves became foft, and 
refted on the earth, and the plant fhewed every fympton of ap- 
proaching death. In this ftate, having bended twigs over the 
pot, he wet a thick tow-cloth and threw over the plant, which 
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formed a moift atmofphex-e round It. In a few hours the kavcs 
became ere£l, and elaftic, and within three days the whole plant 
affumed the afpedl of perfed health. The roots had a full fup- 
plyof mQi{lure,but it did not grow ; the leaves were fupplied,, 
and the plant inftantly flourilhed. 

The firft appearance of vegetation among trees here, is the 
flowing of the fap in the fugar maple. This begins with the 
frofty mornings in the month of February. Thefe hoar frofls ■ 
never apppear but when the air is moift j and it is invariably 
certain that the fap ceales to flow when the wind is at north"- 
well and the air dry, be the ftate of the earth as to moifbure or 
froft as it may. From hence it appears, that the fap is extrad:- 
ed from the air even before the leaf is expanded, and not. from 
the earth, as is generally fuppofed. 

The next appearance of vegetation,^ is the fv\'elling of the 
bud in the fcarlet maple ; and in this, as in all other trees, it is 
to my purpofe to obferve, that the uppermoft buds always fwell 
firft, and its beautiful bloflbms are feen earlieft to unfold on the 
topmoft boughs. This cannbt depend on a fap derived from 
the root j for, in that cafe, the lowermoft fhould have unfold- 
ed firft. 

The huftandmen of New-jerfey, upon thofe lands which; 
do not produce oak-timber fufficient for fencing, fhave the bark 
from the pine trees in the latter part of winter, and in the fpring, 
the turpentine running down over that part of the tree which 
has been barked, fills the pores, and preferving it againil: tha 
water, renders the pine a very durable pofl for fencing. The 
turpentine, as I conceive, being colleded from the air, defcends 
from the top of the tree. This praftice, lately introduced, 
deferves attention* not only as an argument in this queilion, but 
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as an important leflbn of inflru(5tion to thofe who live on pine 

lands. 

The experiments made on fruit-trees, by extending their 
branches into green -houfes while the roots remain in the 
ground, need not be repeated. They are better known than 
tinderftood ; and Can only be accounted for by fuppofing that 
their nourifliment is derived from the air. Of this the follow- 
ing experiment may be a proof. 

A branch of the maple being feparated from the tree, and 
the lower end fealed, placed in any part of the tree, will bloom 
■as foon as any of the adjoining branches not feparated from the 
tree will do. The buds of trees, deriving their nourifhment 
from the air, fend down their fibres between the bark of the 
tree and the former year's growth of wood, and lay an addition- 
el wood over the former growth. It is upon this principle 
abn^j that the growth of inoculations can be accounted for ^ 
and it is clear and phiin, that every bud has its own pith, per- 
iectiy diilind: from the tree it is attached to, and has alfo in it- 
fclf every oi.her part of a tree. 

From a due confiJeration of what has been faid, it will ap- 
pear, that the grOvvth of annual plants is the expanding of the 
parts contained within their feeds as bulbs, and a produ6lion of 
«ther feeds aiKi bulbs, perfectly diftind: and unconnected with 
the former J but that the growth of trees after the firfl: year is 
the expanding of buds, adhering to the lormer growth, and the 
iitting of other buds for future growth attached to the tree, as 
well as forniing of feeds, as annual plants do. 
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